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SUMMARY 


A s.«.er 3 onlc vlnd-tunnel InvaBtlgdtlon f 
tion of store Interference has ^ g Sebarate forces on a 

s^ersonic t^el at^ «a^ 

instigated simulated a heavy bomber airplane with a large store or 
frontal area e<iuivalent to a twin-engine nacelle. 

occnr^a 

pToSbxr?b:1Sor-ntTra froSjl ^ra^arb^t rSiS' 

SspSr?S"lI“gri™s“lth a^le Of attack which were measured for 
the other store forces. 

The wing IS shown to the Pbsdoml^t factor^n 
all interferen^ forces ^d«^ ,, 

iro/:iSSl “iU”gn^Sdn: “4 case of store side force and yawlr« 
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moment, particularly for the inboard store locations. The total inter- 
ference lift on the complete configuration is due princlpedly to the 
interference lift felt by the wing. The values measured fpr some store 
positions are large and important from the standpoint of rolling mopents 
produced in asymmetrical store carriage or asymmetrical store drpps. 


introduction 


Reference 1 describes in detail an experimental investigation in 
the Langley 4- by 4-foot supersonic pressure tunnel aimed at supplying 
data on stores Interference which is general in nature and which pro- 
vides an improved understanding of the sources of interference r^.- T^ 
investigation consists of measurement of individu£^l forces ahd^m^^ 

(six coniponents ) on veorious sting -mounted stores in the^^ , 

eral fuselage, wing, and wing -fuselage combinations for whl'cliin^ vidua 
forces and moments (four components) were aleo slmultazieousl^ ineasurad. 
Reference 1 presents the first part of the results Of this program, the 
lift and drag at a Mach number of 1.6 on a store, a Itiselagej) a swept 
wing and a swept-wing— fuselage combination. 

The present report supplements reference 1 and priesfehts ihe; 'side ' 
force, yawing moment, and pitching moment . On the sapie, sipie^^ 
pitching moment and rolling moment on the same fusei^ge?>^ 
fuselage combination at a Mach number of 1.6; 
ration simulates a swept-wing heavy bomber, whereias7i,^V:h 
a large external store or a twin-engine nacelle (iktft hp^^ > ' ' ‘ ' 

Internal flow) . Some additional analysis of the lift diatS, presented in ; 
reference 1 is included. As in the case of , reference 1, the^d^ 
are presented with a somewhat limited "illustrative" shaiysls in order 
to expedite publication. 


SIMBOIS 


Cj^ lift coefficient of fuselage, wing, or wing-fviselage combina- 

tion as noted by subscripts, 

qS 

Cm pitching-moment coefficient of fuselage, wing, or wlng-fuselege 

combination as noted by subscripts (measured about c/4). 
Pitching moment 
qSc 

C7 
^wf 


wing-root bending moment for wing-fuselage combination 
(positive up). Bending moment 

^ob 
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C 




^ms 





"Lt 




s 

F 

s/f 

C 

<1 

b/2 

I 

X 


y 

z 


lift coefficient of store, Iii£i 

qF 

pitching-moment coefficient of store (positive when nose 
i3 ^p) Pitching moment 
^ qFl 

side -force coefficient of store (positive to the 
right), Si de.fo ^ce 
qF 

yawing -moment coefficient of store (positive to 
the right), 

qFl 

total lift coefficient of complete configiaration (wing-fuselage 

plus store) based on wing area, Cj^ + Cj^ — 

sS 

slope of variation of store lift coefficient with 
wing-fuselage angle of attack 

slope of variation of store side -force coefficient with 
wing-fuselage angle of attack 

slope of variation of store yawing -moment coefficient with 
wing-fuselage angle of attack 

total area of wing semispan, 0.5 sq ft 

maximum frontal area of store, 0.0125 sq ft 

ratio of wing area to maximum frontal area of store, 40.6 

mean aerodynamic chord of wing, 6.58 in. 

dynamic pressure, Ib/sq ft 

wing semispan, 12 in. 

store length, 12 in. 

chordwise position of store midpoint, measured from nose of 
fuselage, in. (see fig. 1) 

spanvise position of store center line, measured from 
fuselage center line, in. 

vertical position of store center line, measured from 
wing chord plane, positive downward, in. 
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a angle of attack 

3 cotangent of Mach angle, \jv^ - 1 

Subscripts ; 
f fixselage 

w ving 

wf wing-fuselage combination 

s store 

t total, for complete configuration (wing -fuselage plus store) 

APPARATUS AND TESTS 


The models and the general arrangement of the test setup are shown 
in figures 1 and 2. Reference 1 describes in detail the models, equip- 
ment, tests, and methods, and contains remarks on support interference. 

No airplane tall surfaces or store -support pylons were used in this 
investigation. All tests were run with boundary-layer transition fixed 
as described in reference 1 . The angle of attack of the wing-fuselage 
combination was varied from 0° to k°, with the store remaining at a = 0 
throughout . 

The tests were performed in the Langley 4- by l<-foot supersonic 
pressure tunnel at Mach numbers of 1.6 and 2.0, corresponding to Reynolds 

numbers per foot of k.20 x 10^ and 5*62 X 10^, respectively. This report 
presents the lateral forces euid pitching moments at M = 1.6 and addi- 
tional analysis of the lift data presented in reference 1. 

The repeatability or relative accioracies of the data in this report 
ajre estimated from an inspection of repeat test points and static deflec- 
tion calibrations to be as follows: 

Store position: 

X, in +0.025 

y, in to. 05 

z, in to. 05 


Store : 



± 0.010 

±0.005 
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Wing-fuselage ; 


m 


±0.005 


to. 010 


+0.002 

±0.005 

±0.002 


RESULTS AND DISCUSSION 
Basic Data 


Isolated store and ving -fuselage data .- The lift and pitching -moment 
coefficients for the isolated store at angles of attack up to 10?^^^^ 
shown in figure 5* Data are shown for pitch tests in hoth the, plane of 
the balance normal -force beam and in the plane of the balance side-force 
beam. The data thus obtained are shown to agree within the stated accu- 
racy of the tests, except possibly at the highest euagle of (attack. The 
pitching -moment data eire computed both about the nose of the store and 
about the midpoint of the store because interference data presented in 
subsequent figures are referenced to both points. 

Figure 4 shows the lift and pitching-moment coefficients for the 
isolated fuselage, wing, and wing-fuselage combination for suigles of 
attack up to 4°. 

Chordwise plots of force coefficients .- The basic data for the store 
in the presence of the fuselage, wing, and wing-fuselage are presented in 
figures 5 io 13 . The basic data for the fusel 9 ,ge, wing, and wing -fuselage 
in the presence of the store are presented in figrores l4 to I 7 . The data 
axe presented in the form of plots of coefficients against a chordwise- 
position parameter which is a function of the position of the midpoint of 
the store. To allow relatively large coefficient scales to be used, a 
horizontal offset is employed. The Mach line offset usad, dlscvissed in 
detail in reference 1, permits the curves of chordwise variation of coef- 
ficients to be faired as a "family," thereby obtaining a more accurate 
fairing between test points than would otherwise be possible. Offset 
vertical scales are also used so that data for the 11 spanwise positions 
can be shown on a single page. On the right and left margins the zero 
line for each curve is identified by the symbol corresponding to that 
spanwise position. On each figure is shown a sketch of the configuration 
involved. The spanwise and chordwise store positions at which measvtre- 
ments were obtained are indicated by the appropriate symbol on the grid 
drawn to scale below the sketch. 
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The store pitching -moment data and the store yawing -moment data are 
presented with reference to the store nose in the basic-data figures. 
Using the plotted moment data and the lift or side force, as appropriate, 
the moment about any desired point with reference to either the store or 
the airplane can be calculated. Some analysis figures presented later 
in the report show moments which have been computed with reference to 
the store midpoint. 

The basic data for the fuselage, wing, and wing -fuselage combination 
are shown with dashed lines forward of longitudinal store position 
X = l8 inches because of the presence of interference between the store- 
support sting and the fuselage or wing. This interference is discussed 
in detail in reference 1. 


Contour Plots 

To aid in examination and analysis of the data,, contour plots ' ^ 
(figs. l8 to 52) have been made for each coefficient, covering two verti- 
cal heights and two angles of attack (three plots in all) . The st^^^ 
midpoint is the reference point (the point at which the force coefficient 
is plotted) for all contour plots . Similar plots or maps for other con,i- 
ditions can be prepared from the remainder of the basic -data plots • 

(figs. 5 to 17). 

Store lift .- Contoiir plots of store lift in the presence of the wing 
arif^ wing-fuselage are presented in figures 20 and 24. The basic lift data 
for both store and wlng-f\iselage are given in reference 1. Contour plots 
or lift, which were not included in reference 1, are presented in this 
paper as a part of a further analysis of lift. 

As was pointed out briefly in reference 1, a negative pressure 
region has been shown to exist beneath the wing at a = The pressiore 

gradient produced on the store results in a positive interference lift of 
relatively large magnitude when located in the vicinity of the wing. 

Ahead of and behind the wing, where the effective pressure is positive, 
the store lift is reduced and in some positions it becomes negative. 
Increasing the displacement between store and wing does not appreciably 
change the magnitudes of the interference lifts, but shifts the cpntour 
lines rearward somewhat . It will be noted from a comparison of fig- 
vires 20 and 2k that the fuselage does not enter into the production of 
store lift to an important extent. 

At a = 4° (fig. 20(c)) the store lift for most store positions in 
the vicinity of the wing has decreased as compared with the value at 
a = 0° because of the increase (in the positive direction) of pressure 
which occurs beneath the wing. For the wing -tip position, however, the 
store lift has increased considerably. This positive interference lift 
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on the store has been encountered previously for wing-tip stores at sub- 
sonic speeds (ref. 2, for example) and is due to the presence of the 
store in the wing-tip vortex. 

Store pitching moment . - Contour plots of store pitching moment are 
presented in figures 21 and 25- Pitching -moment coefficients in these 
figures are calculated about the nose of the store . The values shown 
are therefore largely the consequence of lift on the store, and the 
pitching moments tend to follow the trends outlined previously for lift. 

Store side force .- Store side-force coefficients for the store in 
the presence of the fuselage, wing, and wing-fuselage are presented in 
contour form in figures l8, 22, and 26. The variation of store side 
force with store position in the presence of the wing or wing-fuselage 
is large, as is the increase of side force with wing angle of attack 
(fig. 26). Further discussion of this component will be found in a 
later section entitled "Effect of wing -fuselage angle of attack." Ref- 
erence 3 also contains additional analysis of these data. 

Store yawing moment .- Contour plots of store yawing -moment coeffi- 
cient are shown in figures I9, 23, and 27. Inasmuch as the store yawing 
moments have been computed about the store nose, the yawing moments 
shown are principally the result of side force. The preceding discussion 
on side force therefore tends to apply also to yawing moment. 

Wing and wing -fuselage lift .- Contour plots of wing and wing- 
fuselage lift are presented in figures 28 and 30. These figures show that 
in certain positions the store produces lifts that are equivalent to the 
lift produced by a wing single of attack of about 1®. (See fig. 4.) The 
region of store midpoint locations for maximum positive lift interference 
is the inboard region of the wing trailing edge . For store positions 
toward the leading edge of the wing or toward the tip, the lift inter- 
ference becomes small. For some store positions ahead of the wing, neg- 
ative lift interference is obtained. 

Wing and wing-fuselage pitching moment .- Figures 29 and 3I show that 
the lift ^interferences described in the previous section are reflected in 
the wing and wing-fuselage pitching moments . The inboard store positions 
near the wing trailing edge produced negative pitching moments as a result 
of positive lift Interference behind the moment center of the wing (c/4). 
The positive pitching moments measured for forward store positions are 
similarly explained. 

It should be noted that the measured effects of the store on the 
airplane configuration include only those on the wing and fuselage , since 
no tail was present. The effects of a tail, particiilarly for inboard 
store positions, would likely be important. 
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Wing-root bending moment .- Contour plots of the wing-root bending 
moment of the wing -fuselage combination are shown in figxire J2. 

Although the contour plots of the wing-root bending -moment coef- 
ficient are quite different in appearance from those of the lift coeffi- 
cient, an analysis of two corresponding plots (figs. 50(a) and 52(a), 
for example ) shows that the two are compatible . 

It will be noted that a change in vertical displacement of the store 
from 1.15 inches to 2.09 inches (figs. 52(a) and (b)) produces a major 
change in the bending -moment contours. Reference to the lift contours 
for corresponding store positions in figures 50(a) and (b) shows that 
the increased vertical displacement of the store has moved the positive 
lift-interference contours forward and toward the tip, and that these 
changes explain the wing-root bending moments which suddenly appear at 
the wing-tip location in figure 52(b). The peak value of wing-root 
bending -moment coefficient shown on this figure corresponds to that 
produced by a wing angle of attack of about 1°. 


ANALYSIS 


The data which have been presented are directly useful in connection 
with configurations which very closely match the configura,tion tested. 
Application of these results to configurations appreciably different, how- 
ever, rapidly becomes difficult and dubious as configuration differences 
increase, unless a basic understanding of the contribution of each compo- 
nent to the measured interference is available along with an imders tending 
of the effects of the many variables such as angle of attack . and Mach num- 
ber. An analysis of these data, based upon these needs, has consequently 
been made. The analysis is not exhaustive, but rather is intended to be 
illustrative and suggestive of the ways in which the data ca^i be used. 


Contribution of Components to Interference 

Store lift and pitching moment .- The contribution of each component 
to the measured interference can be readily seen in the results of the 
configuration -breakdown tests. Figure 53 shows the lift of the store in 
the presence of the fuselage, wing, and wing -fuselage plotted against 
store chordwise position x for four spanwise stations. (The basic 
lift data are presented in reference 1.) The close agreement between 
the curves for store lift in the presence of the wing and wing-fuselage 
shows that the lift interference produced on the store is dependent, for 
all practical purposes, only upon the wing. The reason for the inter- 
ference lift on the store in the presence of the f\iselage for 
X = 27 inches is unknown. It is considered possible that the data for 
this store position are in error. 
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The pitching -moment data (fig. 5^) similarly show that store 
pitching moment is primarily dependent upon the wing. 

Store side force and yawing moment .- The side-force and yawing- 
moment data (figs. 55 and ^ 6 ), on the other hand, show that the fuselage 
makes a significant contribution to these forces, especially at the more 
inboard store locations. The relative importance of the contribution of 
the fuselage diminishes as the angle of attack of the wing increases 
because of the development of the spanwise flow which produces store 
side force. 

Lift and pitching moment for wing, fuselage, and complete model . - 
The variations in lift of the fuselage, wing, and wing-fuselage with 
chordwise position of the store are shown in figure 57. The fuselage 
gains very little lift as a result of store interference. The wing, 
however, develops an appreciable interference lift, either positive or 
negative, depending upon the store position. The curve for the wing- 
fuselage combination is of the same shape but does not closely match 
the wing -alone curve, especially at the inboard stations, even though 
the fuselage alone showed very little lift interference. The differ- 
ence between the curves is probably the result of wing-fuselage 
interference . 

Figure 58 shows the lift for the store and the wing-fuselage combi- 
nation and the sum of these two, which is the total lift of the complete 
model. The lift coefficient of the store (reduced to wing area) is very 
small in comparison with the lift produced on the wing-fuselage combina- 
tion by the store. The total interference lift coefficient is large for 
some store positions, reaching a maximum of more than 0.0^^■. This value 
corresponds to the lift coefficient produced by a wing angle of attack 
of about 1°. For airplanes using removable stores in regions of large 
lift interference, large rolling moments could be encountered if unsym- 
metrical carriage or unsymmetrical drops were attempted. 

The variations of the pitching -moment coefficient for the fuselage , 
wing, and wing -f vise lage are shown in figure 59* As in the case of the 
lift, the effect of the store on the fuselage alone is small, and the 
difference between the curves for the wing alone and the wing-fuselage 
is believed to be due to mutual interference of the wing and fuselage . 

It will be noted that to obtain the total interference pitching moment 
for the complete configuration it is necessary to add to the values 
shown in figure 59 "the pitching moment of the store and the moment of 
the lift of the store at each particular position considered. 



10 


NACA RM L55E26a 


Effect of Store Vertical Displacement and 
Wing -Fuselage Angle of Attack 

Effect of store vertical displacement z at g = 0° .- The effects 
of vertical displacement between store and wing on store forces and 
moments in the presence of the wing-fuselage combination are shown in 
figures 40 to 45. The effect upon store lift (fig. 40, taken from 
ref. 1) is shown to be appreciable, particularly at the inboard store 
locations where the peak of the lift -variation curve is lowered and 
reduced in width by moving the store (vertically) away from the wing. 

It will be remembered from figure 58, however, that the values of lift 
interference shown for the store are very small compared with those 
measured for the airplane . 

The effects of store vertical displacement on store pitching moment 
shown in figure kl (calculated in this case about the store midpoint) 
are similar in degree and character to those described for lift. 

Store side force and yawing moment (also calculated about the store 
midpoint) are shown in figures 42 and 45 to be affected to only a small 
degree by store vertical displacement at a = 0°, particxilarly for the 
outboard store locations . 

The effects of vertical displacement of the store on wing-fxiselage 
lift and pitching moment and on total lift are shown in figxires 44, 45, 
and 46 to be similar to the effects on the store lift and pitching 
moment except that the lift peak is somewhat broadened rather than 
narrowed by increasing displacement. 

Thiis ,■ within the range of store positions investigated herein, the 
effects- of vertical displacement of the store on all forces and moments 
with the exception of drag are measiirable but relatively small. Refer- 
ence 1 shows that the effects upon drag are large. 

Effect of wing-f\iselage angle of attack .- The effects of angle of 
attack of the wing-fuselage combination on store lift are shown in fig- 
ure 4 t (taken from ref. 1) and figure 48. As pointed out in reference 1, 
the effect of angle of attack is to increase the intensity of the positive - 
pressure region between the bow shock and the wing leading edge and to 
decrease the intensity of (make more positive) the negative -pressure 
region beneath the wing. The increased gradients in the forward positive- 
pressure region increase the magnitude of the negative store lift produced 
in this region, while the decreased pressure gradients in the rearward 
negative -pressure region decrease the positive store lift produced as the 
wing angle of attack is increased. Figure 48, which is a contour map of 
Ct for angles of attack up to 4°, shows that wing lift changes the 
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store interference lift in a negative direction over a range of store 
positions considerably larger than the wing plan form, with the excep- 
tion of store positions in the region of the wing tip . Here ths tip 
vortex increases the store lift as the wing lift increases. 

It should be noted that the store was at a = 0° for all tests. 

The values of store lift presented therefore represent only interference 
values, and the store lift due to store angle of attack must also be 
considered in applying these data to conditions wherein the store angle 
of attack is a finite value . 

The magnitude of the changes in store pitching moment produced by 
wing angle of attack is shown in figure 49 to be small. 

Figures 50 and 51 show that angle of attack is a powerful influence 
on store side force, and that the store position relative to the wing is 
also of very great importance . The influence of angle of attack is felt 
principally in the region of the wing and is primarily due to the pro- 
gressive increase in the strength of spanwise flow. The largest values 
of Cv are consequently found at the tip, and large changes also occur 

in moving the store from the leading edge to the trailing edge of the wing 
near the midspan. 

These data were obtained by increasing the wing -.fuselage angle of 
attack up to 4*^ as mentioned earlier. The fact that the store remained 
at a = 0° affects the store lift, but not to any appreciable extent 
the store side force . . The effects of the change in vertical displacement 
between wing and store which occurs when the wing-fuselage angle of attack 
is changed are, as has been shown previously in the discussion of fig- 
lore 42, small and unimportant compared with the effects now being 
considered. 

The Cv contour map (fig. 5^) prepared from data liinited to 

4° angle of attack. For many conditions, considerably larger angles of 
attack are of interest and may, as suggested by the data shown here, be 
a design or limiting condition for store or pylon loads. 

Figure J of, reference 5 compares data taken from figure 51 with data 
for a similar configuration tested in the Langley 9- I’y 12-inch blowdown 
tunnel up to a = 12'°. The comparison shows good agreement between the 
resxilts of the two investigations and shows that data from the present 
tests can be judiciously extrapolated to higher angles of attack, using 
the data from the 9- by 12-inch blowdown tunnel data as a guide. 

Figures 52 and 55 show that the effect of angle of attack on store 
yawing moment is small. Further, C does not vary greatly with 
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store position. The reasons for these phenomena are not understood at 
this time. 

Figures 54 and 55 show the effect of angle of attack on the lift and 
pitching moment, respectively, of the wing -fuselage combination in the 
presence of the store, while figure 56 shows the effect of angle of attack 
on the total lift of the complete (wing-fviselage plus store) configuration. 
Although the lift or pitching moment produced by angle of attack displaces 
the curves on each figure, it will be noted that the curves remain quite 
similar in shape and in magnitude of changes. The effec^is of the store 
on the wing-fuselage lift and pitching moment are thus shown to be prin- 
cipally dependent upon the store position and relatively unaffected by 
angle of attack. 


Effect of Store Configuration 

The side force and normal force on the large store are comp^ed with 
the forces on a small geometrically similar store and on the large store 
with fins in figures 5 and 11 of reference 5. The forces on both the 
large finned store and the small store exhibit much higher peak values 
than do the forces on the large unfinned store. Consequently, it is 
apparent that use of force coefficients as measured for the large 
(unfinned) store might be very unconservative for stores of appreciably 
different configurations. 


Remarks on the Store-Pylon Problem 

The data presented in this report are concerned only with the loads 
on the store - neither the forces on nor the effect of a store pylon are 
included. Seme remarks on the store -support problem from the standpoint 
of drag are included in reference 1 . Fvirther discussion on the effects 
of pylons, including some data, is presented in reference 3. The con- 
clusions reached in this reference on the basis of scattered data are 
that the store loads (particularly side force) may be greatly affected : 
by the presence of a pylon, with pylon plan form and pylon .loading (side 
force) having considerable influence on the amount of interference. Fur- 
ther work is needed on the effects of pylons. 


CONCLUSIONS 


The results of a supersonic wind-tunnel investigaion at a Mach nvim- 
ber of 1.61 in which separate forces were measured on a store, a fuselage, 
a swept wing, and a swept-wing — fuselage combination for a very wide range 
of store positions provide the following conclusions with regard to lat- 
eral forces and pitching moment; 
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1. Large changes in store and wing -fuselage forces and moments may 
occ\rr with small spanwise or chordwise changes in store position. The 
effects of vertical position of the store are relatively small. 

2. The increases which occur with configuration angle of attack are 
somewhat larger for store side force than for store lift. Side force is 
probably the important load from the standpoint of store -support design. 

3. The measured store moments are large at zero angle of attack but 
do not display the large increases with angle of attack which were meas- 
ured for the other store forces. 

4. The wing is shown to be the predominant factor in the production 
of all interference forces and moments on the store . The effect of the 
fuselage is very small in the case of store lift and pitching moment, 
but it is of significant magnitude in the case of store side force and 
yawing moment, particularly for the Inboard store locations. 

5. The total Interference lift on the complete configuration is due 
principally to the interference lift felt by the wing. The values meas- 
lired for some store positions are large and important from the standpoint 
of rolling moments produced in asymmetrical store carriage or asymmetri- 
cal store drops. 

6. The interference effects of the store on the wing and wing- 
fuselage combination are roughly the same at all angles of attack and 
appear to depend primarily upon store position. 


Langley Aeronautical Laboratory, 

National Advisory Committee for Aeronautics , 
Langley Field, Va., May 1955- 
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TABLE I.- PERTINEM' MODEL DIMENSIONS 

Store : 

Maximum diameter, in 1-5 

Maximum frontal area, sq ft 0.0125 

Base diameter, in O .96 

Base area, sq ft O.OO 5 

Overall length, in. ..... 12 

Nose fineness ratio 3 

Afterbody fineness ratio 1.82 

Overall fineness ratio 8 

Fuselage : 

Maximum diameter, in 2.75 

Maximum frontal area (semicircle), sq ft 0.0206 

Base diameter, in 1*572 

Base area (semicircle), sq ft O.OO 5 I 

Overall length, in • • 55*75 

Nose fineness ratio ^*75 

Afterbody fineness ratio 5 

Overall fineness ratio 15 

Swept wing: 

Semi span, in 12 

Mean aerodynamic chord, in 6 . 58 O 

Area (semispan), sq ft O. 5 OO 

Sweep (c/k) , deg ^5 

Aspect ratio ^ 

Taper ratio O .5 

Center-line chord, in 9*23 

Section NACA 65 AOO 6 
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Figure 1. - Layout of models showing dimensions of components and ranges 

of store positions investigated. 
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L-87526 

Figure 2.- Photograph of models and mounting plate. Boundary -layer 

transition strips not shown. 



store pitehing-moment Store lift coefficient, 

coefficient. Cm 
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o Store pitched in the plane of the normal -force beam 
□ Store pitched in the plane of the side -force beam 




'-2 0 2 4 6 8 10 12 


Angle of attack , a , deg 


Figure 5.- Lift and pitching-moment characteristics of the isolated store. 


Pitching - moment Lift coefficient , Cl 
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Figure 7 .- Continued. 
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Figure 11.- Continued. 
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Figure 12.- Continued. 
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Figure 15 .- Continued. 
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Chordwise- position parameter, x-^y, in. 
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Figiore 1T«- Wing-root bending moment for wing-fuselage combination : 
presence of store. M = 1.6l. Dashed lines indicate presence of 
interference of store sting. 
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Figure 19- - Contour plot of yawing moment of store in presence of fuselage 

(center of moments is store nose). 
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Figure 20.- Contour plot of lift of the store in presence of wing. 





Figure 20. - Continued 















Figtire 22.- Contoiir plot of side force of store in presence of wing. 
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Figure 22.- Concluded 








Figure 25.- Continued. 
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Figure 25 .- Concluded. 







combination. 




Figure 2k.- Contimjed. 
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Figure 24.- Concluded. 







Figure 25-- Continued. 
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(a) z = 1.15 inches; a = 0 °. 

Figure 26 .- Contoxu: plot of side force of store in presence of wing- 

fuselage combination. 
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Figure 26.- Concluded, 
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Figure 27.- Contour plot of yawing moment of store in presence of wing- 
fuselage combination (center of moments is store nose). 
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Figure 27.- Continued. 
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Figure 27.- Concluded. 
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Figtire 28.- Contour plot of lift of wing in presence of store. 
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Figure 28 .- Concluded. 




Fig\ire 29. - Contour plot of pitching moment of wing in presence of 
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Figure 29.- Continued 
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Figure 29«- Concluded. 
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Figure 50.- Conto\ar plot of lift of wing-fuselage combination in presence 

of store. 
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Figure 50.- Continued 








Figure 51*“ Contour plot of pitching moment of wing-fuselage combination 

in presence of store. 
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Figure 51 •- Continued. 




Figure 51.- Concluded. 




combination in presence of store. 
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Figure 52.- Concluded. 




Figure 55.- Congoarison of store lift in the presence of the wing alone 
fuselage alone, and wing -fuselage combination, z = I.15 inches; a ^ 
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Figure 3^*“ Con 5 )arison of store pitching moment in the presence of the 
fuselage alone, wing alone, and wing-fuselage combination. Values 
recalculated about the store midpoint, z = 1.15 inches; a = 0°. 
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Figure 56.- Comparison of store yawing moment in the presence of the 
fuselage alone, wing alone, and wing-fuselage combination. Values 
recalculated about midpoint of store, z = 1.15 inches; a = 0^. 
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Figure 39 * - Comparison of pitching moment of the wing alone ^ fuselage 
alone, and wing-fuselage combination in the presence of the store, 
z = 1.15 inches; a = 0 °. 




Figure Effect of store vertical position z on store lift in presence 

of wing-fuselage combination, a = 0°. 
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Figure k2.- Effect of store vertical position z 
presence of wing-fviselage combination. 









Figure - Effect of store vertical position z on wing-fuselage lift 
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Figure ^^7.- Effect of angle of attack of wing-fuselage combination on 

store lift, z = 2.09 inches. 
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with angle of attack of the wing-f\iselage combination, z = 2.09 inches 
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Figure 53.- Contour plot of slope of store yawing-moment coefficient C 

with angle of attack of wing-fuselage combination, z = 2.09 inches j 
a = 0° to k° (center of moments is store midpoint). 
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